
w w w . a u t o s t e e l . o r g  

On Springback Prediction  

In Stamping Of AHSS BIW Components Utilizing Advanced 

Material Models 

Ming F. Shi and Alex A. Konieczny  

United States Steel Corporation 



w w w . a u t o s t e e l . o r g  

Introduction 

ÅOrigin of Springback 

ÅAHSS Springback 

ÅEffect of Material Models on the Springback Prediction 

ÅExamples of using Advanced Material Models in the  

Springback Prediction Accuracy Improvement 

ÅIntroduction of a Novel Large Deformation Tension and 

Compression Test  

ÅExamples of Tension and Compression Data and Determined 

Advanced Material Model Parameters 
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Origin of Springback 

ÅMaterial elastic recovery after forming 

ÅCoupled with mechanical multiplying effects 

Elastic Recovery 

Strain 

Stress 

Mechanical multiplying 
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Elastic Recovery, Contõd 

0

100

200

300

400

500

600

700

800

900

1000

1100

0 1 2 3 4 5 6
True strain, %

T
ru

e
 s

tr
e

s
s
, 

M
P

a

AL HSLA340 DP780 DP980 DP590



w w w . a u t o s t e e l . o r g  

Greater Bauschinger Effect for AHSS 
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More òElasticó Recovery for AHSS? 
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Springback of AHSS 



w w w . a u t o s t e e l . o r g  

Springback of AHSS 
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Under-predicted Springback using the Isotropic 

Hardening Model  

DP980-1.4 mm 

Measurement 

Prediction 

DP980 
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Initial Yield Surface 

Kinematic Hardening 

Isotropic Hardening Isotropic/Kinematic Hardening 

Stress 1 

Stress 2 

Hardening Models 
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Yoshida Combined Isotropic/Kinematic  

Hardening Material Model 

Based on two surfaces model 
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Yoshida Model with Original Hardening Law: 
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Yoshida Model with modified hardening law 
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Yoshida Model vs. Isotropic Hardening Model 
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Example 1: Springback Prediction Improvement using an 

Advanced Material Model 

Isotropic Hardening Model 

Yoshida Model 

Measured Springback 
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Red: Isotropic 

Blue: Yoshida 

Black: Scan 

 

Example 2: DP600 
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Challenges in  

Determining Material Model Parameters 

Å7 constitutive parameters in Yoshida Model  

Å9 constitutive parameters in modified Yoshida 

Model 

ÅLarge deformation tension and compression test is 

required. 

ÅMultiple loading cycles are required. 

ÅOptimization algorithm is required to determine the 

parameters 
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Introduction of a Novel  

Tension-Compression Test 

ÅLarge deformation tension-compression  

ÅAnti-Buckling in the width direction 

ÅAnti-Buckling in the thickness direction 

ÅFriction measurement 
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Tension-Compression Test 
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Tension-Compression Test, Contõd 
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Tension-Compression Test, Contõd 

DP980-L4 +5%
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Example of Tension-Compression Test Data 

Full Cycle 
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Example of Tension-Compression Test Data 

Strain Memory Cycle 

 


